For the predator-prey 
Introduction
Flocking is the collective behavior of certain agents that move accordingly to speed and create a gathering. Birds that travel together in the sky, herds of animals moving across the land, fish that swim through the ocean are all valid examples of flocking [1] [2] [3] [4] 12] . These collective groups are often targeted as a prey of the predator. Generally, preys form a group as a mean of avoiding attack of a predator. These groups often show great bond, and act together when confronting a predator This collective behavior has been used in movies and computer games in order to create a more vivid, lively scene. If heterogeneous flocking, which is often easily observed in nature, is introduced in movies and computer games, it will create a far more realistic and rich content. Also, because many researches require visualization of various scientific data, it can be applied to these data visualization depending on time. For instance, it can be utilized in simulating the process of separating impurities from liquid mixtures [6] . It can also be used in clustering massive amounts of documents, which is a kind of data mining [5, 9, 11] .
These collective models are mathematical models according to biological intuition that simulate the animation of agent groups. In these models each agent determines the movement based on the environment surrounding it and certain rules of which they counteract with their neighbors in their group. Agent based models interact with other agents depending on their location [1, 14, 15] . In this model, generally law of force is applied; force of attraction (cohesion) and force of repulsion (separation). Cohesion is Chapter 2 will introduce the modeling of steering forces and the consumed energy of movement. Chapters 3 will analysis on the energy model of a predator and a prey based on physical theory. Chapter 4 will confirm how the energy model suggested in the Chapter 3 operates correctly through an experiment. Chapter 5 will discuss the conclusion.
Steering Forces and Energies

Basic steering forces
The model in this paper consists of two types of agents: predator and prey. The environment is a two-dimensional infinite Cartesian plane that represents the surface of the earth. Three dimensional environments, such as the sky for birds or the water for fish, usually contain the most stunning swarming behavior. There is assumed to be no interaction between the agents and the environment except for uniform friction.
The prey also maintains a certain distance from the predator alerted of its foe. When the predator begins to attack against the prey, the prey runs away to the opposite direction of the predator with the maximum force. Thus, the predator applies pursuit force -a kind of attraction force and the prey applies flee force -a kind of repulsion force. The most basic forces of the agent's automatic control force are seek and flee [1, 14, 16] . The seek force is the force that advances with maximum force towards a target. This force is expressed as the gap between the wish velocity and current velocity in [1, 3] . The flee force is the opposite of the seek force. The seek force and flee force of agent i to target p are the followings not regarding the friction with the surface.
(1) (2) refers to the normalization of vector . is the time required for force to be applied. Directly using seek force as a control force for the predator to chase the prey is not appropriate because the prey is not fixed as a target but is moving. For effective chasing, the most of systems use a method where predicts the location of the prey after time t and then chases the predicted location rather than the current location [3] . There are various considerations to estimate the amount of time t. Because more amount of time t will be needed if the predator is far away from the prey, the method in this paper for estimating amount of time t is set in direct proportion with the distance between the two agents. The following (3) is the chase force needed when agent i chases agent j.
where is an amount of time t which is in direct proportion with the distance between the two agents. This paper uses (3) to estimate energy of the predator needed in chasing the prey. When a predator begins to chase a prey, the prey will run away from the predator, and also anticipate the predator's future location while doing so. Thus the equation (5) is the flee force needed when agent j flees from agent i.
Measurement of consumed energy of a predator and a prey
Generally when the predator pursuits the prey, it will check its energy on a certain basis periodically and will decide whether it will continue the chase or cease [17] . For these type of decisions to be made in the simulation, the consumed amount of energy must be measured on a certain basis and must be deducted from the energy it currently owns. In order to measure the consumed energy, the chasing distance can be divided into several small distances as shown in Figure 1 .
Figure 1. Chasing distance
The consumed energy to move the distance can be represented as , where is the chase force of (3) and is the time to move the distance . Thus, total consumed energy is computed as following.
Estimation of Needed Energy of a Predator and a Prey
Force, frictional force and energy
Kinetic energy is the physical amount that shows the ability to work. Assume that there is the object moving with constant acceleration on the frictional plane. If force is applied to an object in the moving direction, the velocity of the object will gradually increase. Kinetic energy is the physical amount needed when an object is moved to a certain distance in constant acceleration and is defined as the following.
(6)
In (6), ma refers to Newton's force, refers to the coefficient of friction, and refers to distance. The equation (6) means that in order to move with a certain amount of force, there must be dE amount of energy. If both sides of it were integrated, E is calculated as follows.
∫ ∫
Here, and refer to the initial location and velocity respectively. refers to the distance difference . Thus, the amount of energy needed for mass m to move distance while also reaching a velocity of v from the initial velocity of is same as (7).
Estimation of needed energy for a predator
Generally, the predator will attempt an attack only when it has enough energy. During chasing the prey, the predator will consume all of the force to reach the maximum velocity. Therefore the predator will need energy to generate this force, and the prey will need a minimum amount of energy to flee from the predator's attack. In order to compute the energy for a predator to chase a prey, we assume that the energy of a prey is not limited. That is, a prey has infinite energy so that it can flee until amount of any distance.
Figure 2. Distance between predator and prey and moving distance
As described in Figure 2 , initially the distance between the predator and the prey is d. Assume that the predator successfully capture the prey after it moves the distance . Both agents will move at their maximum velocity. Let the predator be named as agent i and the prey be agent j, and also the agents reach their maximum velocity from the initial velocities, and then the following equation is established. In (8), T is the total amount of time needed in the pursuit, that is, 1 in Figure 2 . , , and represent the initial velocity, maximum velocity, and time consumed in reaching maximum velocity of agent x respectively. In the above equation, the second line means the moving distance of the predator, while the third line is to sum the distance and the moving distance of the prey. Since , refer to the velocity just before chase and flee, the value can be set to 0. If the value is set as 0, the equation (8) is like the following.
(9)
In (9), the last term refers to the distance gap of the two agents before they reach their maximum velocity. Let be the difference between and such as . Then, T can be simplified as following.
(10)
By using (8) and (10), the value of can be computed as following.
(11)
Finally, based on (7) and (11), the amount of energy needed to chase the preywill be like the following.
(12)
In (12), we can assume that the predator already learned , , , through experience and thus the variables are only d and u. The equation (12) is in general. For instance if the current velocity ( ) becomes very fast and thus makes smaller, less amount of energy will be needed. Also the amount of energy needed will increase according to the distance between the predator and prey, which is mentioned in the second term in (12) . If the gap between the maximum velocity of the two agents is similar, more time will be consumed in the chase and will result in need of more energy -this also is included the second term in (12).
Estimation of needed energy for a prey
In a similar method for the predator, we can compute the minimum energy for a prey to escape from a predator. In order to survive in fleeing, the prey should move at least in Figure 2 . That is, it means that the prey must have enough energy to move the distance with maximum velocity from stopping state. The minimum energy for a prey to flee from a predator can be induced from (7) by substituting to . And also can be calculated from -d in (11) as following. 
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As replacing in (13) to in (7), we compute the minimum energy for a prey to escape from a predator as following.
(14)
Because the prey should move at least , it must have at least the energy induced in (14) . However, the energy in (14) is proportional to the distance d between the predator and the prey. It is correct because (14) is induced under assumption that the predator has already the energy in (12) . That is, if the distance d between the predator and the prey is large, then the predator has more energy as shown in (12) . Consequently it makes the prey have more energy.
Experiments
A number of experiments were conducted in order to show the correctness of the proposed energies. An objective of experiments is to compare the needed energy (12) with the consumed energy (5) . Even if the energy of a prey is given in (14), we assume that the prey has infinite energy. This assumption is valid because the predator may selectively chase or does not chase the prey, but the prey must not only passively make it's movement according to decision of the predator but also must be more desperate than the predator. The experiments were executed according the procedure shown in Figure 3 . To simplify the expression, the moment of capture of a prey was omitted. (12) if( ≥ ){ setOnPursuit(i,j); // start to pursuit }else{ restoreEnegry(i); // in rest } } }
Figure 3. Procedure to control predator's energy
For the experiments, Windows7 was used as the operating system and C++ was used as a programming language. Also, algorithms for "seek", "flee", "pursuit", and "evade" was used those suggested in [3, 16] . The experiment focuses on how much the needed energy, (12) , based on physical theories is coincided to the consumed energy, (5), based on simulations of "seek", and "pursuit".
The size ( ), mass( ), maximum velocity( ) of a predator were each set to 5 pixels, 5kg, and 10 pixels/sec respectively. The size, mass, maximum velocity of a prey were each set as 60% of those of the predator. Under the mentioned circumstances, t he needed energy and the actual consumed energy were calculated with a variable of distance between the predator and the prey and friction by performing the procedure of Figure 3 . It is not easy to estimate the value of in (11) . This is because it is not easy to estimate the time that takes for an agent x to reach max velocity. For those reasons, this paper has set as 0 for calculation. Table 1 shows the consumed energy and the needed energy based on the distance between the predator and the prey. The coefficient of friction was set to 7.0. In Table 1 , refers to the size of the predator. Thus, 32 means that the distance between the predator and prey is 32 times the size of the predator. The collected data in Table 1 shows, regardless of distance, that is deficient as much as about 1310. This is because the value has been set to 0. The value in (12) is independent of d, and thus the value of delta in Table 1 is nearly constant. The data in Table 1 shows that as t he distance increases, and increases as well. This is the obvious result according to (12) and (5). Table 2 is the measurement of the needed energy and the consumed energy according to the coefficient of friction. The distance between the predator and the prey has been set to 64 , and the coefficient of friction is a variable that varies through 1 to 19. As shown in Table 2 , the needed energy and the consumed energy are increasing along as the coefficient of friction increases. This also is because (12) and (5 ) are in direct proportion with the coefficient of friction . Contrary to Table 1 , the value of the delta increases as the value of varies in Table 2 . This is because the value is in direct proportion with value in (12) . Regarding the results of Table 1 , 2, it is plausible to conclude that the consumed energy of (5) which was based on "seek" and "pursuit" and the needed energy of (12) which was based on physical theories were correctly modeled.
Finally, Table 3 shows the relationship between the needed energy and the consumed energy according to the value of , where the value of the distance and the coefficient of friction are fixed as 16 and 7.0 respectively. Because is independent on the value of , its values must be constant. But the values of in Table 3 are to be measured, not to be calculated, and so they are nearly constant. However, the fact that does not exactly same to is because is calculated as the unit of . 
Conclusions
In the environment of predator-prey, most of the researches are to study the food chain, while this paper is to study on energy of a predator and a prey when a predator pursuits a prey. In order to chase a prey, a predator should save its energy so that it can move some distance. And also a prey should reserve always the minimum energy in order to avoid attack of a predator. Thus, realistic simulation for a predator to chase prey should be executed based on those energies. In order to do this, we simplified the environment of the problem such as only a predator and a prey allowed and introduced the method to measure the consumed energy based on steering forces. And then we proposed the method to estimate the needed energy for a predator and a prey based on physical theory so that a predator can decide by considering its energy whether it chase the prey or does not. Through experiments, the paper has shown that the suggested energy models are well suited for natural pursuit. Further research will focus on environments where various predators and preys coexist. Thus, in an environment where multiple predators and preys exist, the choice criterion of the predator and cooperation of predators will be researched.
